INTRODUCTION
The introduction of antiretroviral (ARV) drugs has been one of the most impressive advancements in the therapy of infectious diseases since the discovery of antibiotics. The suppression of human immunodeficiency virus (HIV) replication allows to change the fatal condition into a chronic disease and significantly prolong patient survival. 1 However, HIV-infected people on highly active antiretroviral therapy (HAART) have a shorter life expectancy compared with the general population, and they are at a higher risk of developing metabolic complications such as lipodystrophy, dyslipidemia, insulin resistance, and diabetes mellitus. 2, 3 Metabolic disorders in HIV-infected patients are connected with the side effects of HAART, but may also be linked to the lipogenic and proinflammatory or immunostimulatory nature of HIV infection. 1, 4 The activation of the immune system is multifactorial and is related to HIV replication as well as damage of the mucosal barriers caused by the virus and translocation of the microbial products to the circulation and damage of the thymus.
1 Different groups of ARV drugs, especially protease inhibitors (PIs) and nucleoside reverse transcriptase inhibitors (NRTIs), but also HIV itself, are responsible for the development of lipodystrophy. 3,5 They cause changes in
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The role of adipokines in the pathogenesis of different metabolic complications and lipodystrophy in HIV-infected patients has been stressed in numerous studies. [8] [9] [10] Recently, the fatty acid-binding protein 4 (FABP4) has been suggested to be another adipokine produced in adipocytes as well as macrophages and endothelial cells involved in the regulation of body--weight control, glucose, and lipid metabolism and pancreatic β-cell function. 11-13 It has been speculated that FABP4 may participate in the pathogenesis of metabolic disturbances connected with HIV and HAART.
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The aim of the present study was to assess the effect of HIV infection and ARV therapy on the development of metabolic changes (such as dyslipidemia, insulin concentration, insulin resistance, and FFA levels) and on adipocytokine concentrations, including FABP4 in the blood. We also analyzed the differences in parameters between lipodystrophic and nonlipodystrophic patients. Abbreviations: ARV -antiretroviral, BMI -body mass index, HIV -human immunodeficiency virus, NA -not applicable, NRTIs -nucleoside reverse transcriptase inhibitors, PIs -protease inhibitors, RMR -resting metabolic rate, WHR -waist-to-hip ratio 0.04 pg/ml, respectively, and precision within the assay expressed as the coefficient of variation (CV%) around 6% and 7%, respectively. Interassay precision was around 10% for TNF-α and 8% for IL-6. To assess serum leptin and adiponectin levels (human total adiponectin), immunoenzymatic assays (R&D System) with a sensitivity of 7.8 pg/ml and 0.25 ng/ml, respectively, were used. CV% was 3% and 4% and interassay precision around 4% and 6% for leptin and adiponectin, respectively.
The FABP4 concentration was evaluated by the ELISA (BioVendor, Czech Republic), with a sensitivity of 0.05 ng/ml, CV% of around 2.5%, and interassay precision of around 4%.
Statistical analysis
The results were shown as mean ± standard deviation. The study groups were compared using the 1-way analysis of variance. For the post hoc analysis, the Tukey test was used. For 2-group comparisons, the t test was used. Correlations were assessed by the Pearson test and r coefficients were shown. A P value of less than 0.05 was considered statistically significant.
RESULTS Metabolic profile Dyslipidemia was detected in 18 HIV(+)ARV(+) patients (43%).
Eight patients (19%) had the serum TC level exceeding 5.2 mmol/l, 4 patients (10%) had the serum TG level exceeding 2.2 mmol/l, and 6 (14%) developed mixed dyslipidemia. In the group of HIV(+)ARV(-) patients, no changes in the lipid profile were observed. Detailed data on lipid concentrations are presented in TABLE 2.
FFA concentrations were comparable in the HIV(+)ARV(+) and HIV(-) groups, but a significant difference (P <0.05) was observed between the HIV(+)ARV(-) and HIV(-) groups (TABLE 2) . The CD4 cell count was analyzed by flow cytometry and HIV-1 viral load was determined by the COBAS® AmpliPrep/COBAS® TaqMan® HIV-1 Test (Cobas Amplicor system, Roche Diagnostics, Switzerland). Fasting serum glucose, total cholesterol (TC), triglycerides (TG), low-density lipoprotein (LDL), and high-density lipoprotein (HDL) were tested by routine enzymatic procedures. FFAs were measured in nonfrozen serum using an enzymatic colorimetric method (Roche Applied Science, United States). The fasting insulin level was measured by an immunoradiometric method (Diasource Immunoassays, Belgium) and read-out using a gamma counter (LKB Instruments, United States). The sensitivity of this assay was 1 μIU/ ml, precision within the assay was 2.1%, and interassay precision was 6.5%.
The homeostasis model assessment of insulin resistance (HOMA-IR) was calculated on the basis of the formula: HOMA-IR = fasting insulin (μU/ml) × fasting serum glucose (mmol/l)/22.5. A HOMA-IR above 2.5 was considered to define insulin resistance.
To assess tumor necrosis factor α (TNF-α), interleukin 6 (IL-6), adiponectin, leptin, and FABP4 concentrations, 0.5 ml of serum was immediately frozen and stored up to 12 months at -80 o C. Serum levels of TNF-α and IL-6 were measured by high-sensitivity enzyme-linked immunosorbent assay (ELISA; R&D System, United States) according to the manufacturer's instructions with a sensitivity of 0.12 pg/ml and 
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Data are presented as mean ± standard deviation (ranges).
Abbreviations: FFAs -free fatty acids, HDL-C -high-density lipoprotein cholesterol, HOMA-IR -homeostasis model assessment of insulin resistance, LDL-C -low-density lipoprotein cholesterol, NS -nonsignificant, TC -total cholesterol, TG -triglycerides, others -see TABLE 1 correlated with the WHR (r = 0.295, P <0.05) and fasting TG levels (r = 0.619, P <0.01).
The duration of the ARV therapy affected the development of metabolic abnormalities. Statistically higher TC and LDL cholesterol levels were observed in patients treated with ARV drugs for more than 2 years (P <0.05; FIGURE 1). However, the TG level reached the maximum values earlier during therapy and was the highest in patients treated for more than 6 months (but no longer than 2 years) (FIGURE 1). Fasting FFA levels significantly decreased in patients treated with ARV drugs for more than 2 years (P <0.05), and had the lowest values in patients on HAART for more than 6 years.
The fasting insulin level and HOMA-IR had a tendency to increase during the years of ARV therapy but the differences were not statistically significant.
There was a significant difference (P <0.05) between the fasting TG level in the HIV(+)ARV(+) and HIV(-) as well as HIV(+)ARV(-) groups (TABLE 2) .
The fasting glucose level exceeding 5.2 mmol/l was observed in 4 patients (9.5%), 1 patient (2%), and 1 patient (5%) in the HIV(+)ARV(+), HIV(+)ARV(-), and HIV(-) groups, respectively, while the fasting insulin level exceeding 15 μU/ml was observed in 11 patients (26%), 1 patient (2%), and 1 patient (5%) in the HIV(+)ARV(+), HIV(+)ARV(-), and HIV(-) groups (TABLE 2) .
Fourteen HIV(+)ARV(+) patients (33%) developed insulin resistance compared with 3 patients (23%) in the HIV(+)ARV(-) group, and 2 patients (10%) in the HIV(-) group (TABLE 2). There was a tendency (P = 0.09) for the HOMA-IR to be higher in the HIV(+)ARV(+) group compared with non-ARV-treated patients and controls. In the HIV(+)ARV(+) group, the HOMA-IR positively FIGURE 2 Effect of long-term antiretroviral (ARV) therapy on the resting metabolic rate (RMR) in HIV-infected patients; data are presented as mean ± standard deviation a P <0.01
FIGURE 1
Effect of long-term antiretroviral (ARV) therapy on serum total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), and triglyceride (TG) levels in HIV-infected patients; data are presented as mean ± standard deviation a P <0.05 the mean adiponectin level was lower in HIV-infected patients as compared with controls, but the difference was not statistically significant (TABLE 3) . In patients treated for more than 2 years, a tendency of adiponectin to increase was observed although the differences were not statistically significant (FIGURE 4). In the HIV(+)ARV(+) group, adiponectin was negatively correlated with the WHR (r = -0.371, P <0.05), BFC kg (r = -0.377, P <0.01), RMR (r = -0.643, P <0.001), and positively correlated with HDL cholesterol levels (r = 0.536, P <0.001). There were nonsignificant (P <0.1) positive correlations with the glucose level (r = 0.275, P = 0.07) and negative with the TG level (r = -0.281, P = 0.07).
Leptin concentrations in HIV(+)ARV(+) and HIV(+)ARV(-) patients were significantly lower compared with controls (TABLE 3).
The leptin-to--adiponectin ratio was the lowest in the group of HIV(+)ARV(-), but the differences were not statistically significant (TABLE 3) .
Metabolic alterations observed during the long--term therapy were characterized by a statistically significant decrease of the lean body mass (P <0.01) and RMR (P <0.01) in patients treated for 2 years but no longer than 6 years (FIGURE 2). The mean serum TNF-α level was higher in the HIV(+)ARV(+) group compared with controls, although the difference was not statistically significant (TABLE 3) . In contrast, HIV(+)ARV(-) patients had a statistically signifcantly higher TNF-α level compared with healthy individuals (TABLE 3) . The mean serum IL-6 level in HIV(+)ARV(+) and HIV (+)ARV(-) patients was significantly higher compared with HIV(-) controls (TABLE 3) .
The analysis of HIV(+)ARV(+) patients revealed a continuous decrease of serum TNF-α and IL-6 levels with therapy duration, and patients treated for more than 2 years had statistically lower concentrations of both cytokines (P <0.05) (FIGURE 3) . In the HIV(+)ARV(+) group, there was no correlation between TNF-α and IL-6 and body composition parameters. However, patients with lipodystrophy compared with those without lipodystrophy (TABLE 4). In patients with lipodystrophy, the CD4 cell count before the introduction of the ARV therapy correlated negatively with TC and LDL cholesterol levels (r = -0.452, P <0.05 and r = -0.479, P <0.05, respectively) and positively with the FFA level (r = 0.680, P <0.01).
DISCUSSION Metabolic complications are increasingly common in ARV-treated patients, and they are predicted to have a significant effect on morbidity and mortality. 3,6 Insulin resistance and impaired glucose intolerance as well as dyslipidemia seem to have a complex pathogenesis and are related to HIV itself, ARV drugs, as well as genetic predisposition.
1,15-17
Our results are in line with those reporting that the development of metabolic abnormalities is more commonly observed in the group of HIV-infected, ARV-treated patients.
3, 18 It should be stressed that, in contrast to other studies, we recruited only those patients who were treated with 2 NRTIs (with the exclusion of stavudine and didanosine) combined with PIs. PIs, which interact with the adipocyte proteosomal system, affect proteins involved in lipid metabolism/trafficking and cause insulin resistance. 19 Our observations confirm that long-term PI-based therapy results in a significant increase of the TG level compared with ARV-naive patients and healthy controls. As the adipose tissue is, to a large extent, Patients treated for a period of 2 to 6 years had higher leptin levels, but then the leptin concentration decreased (FIGURE 4) .
The leptin concentration in the HIV(+)ARV(+) group correlated positively with BFC (BFC % , r = 0.599, P <0.001; BFC kg , r = 0.575, P <0.001), BMI (r = 0.422, P <0.01), insulin level (r = 0.362, P <0.05), and HOMA-IR (r = 0.310, P <0.05), as well as with IL-6 (r = 0.451, P <0.01) and FABP4 concentrations (r = 0.398, P <0.01).
There were no significant differences in FABP4 concentrations between the study groups (TABLE 3), but a tendency for serum FABP4 levels to decrease during the first years of ARV therapy was observed (FIGURE 4) .
In the group of HIV(+)AVR(+), FABP4 correlated positively with BMI (r = 0.575, P <0.001), BFC (BFC % , r = 0.621, P <0.001; BFC kg , r = 0.591, P <0.001). Correlations were also observed with glucose (r = 0.279, P <0.05), insulin (r = 0.277, P <0.05), and TG levels (r = 0.3143, P <0.05).
There was no correaltion between any of the investigated adipocytokines and HIV variables on enrollment into the study and on introduction of the HAART.
We also compared patients who developed lipodystrophy during the course of the ARV therapy and those without lipodystrophy. We did not observe significant differences in TNF-α, IL-6, adiponectin, and FABP4 concentrations, although the leptin concentration was significantly lower in in patients with lipodystrophy as reported by other investigators. 9, 29, 30 In contrast to other studies, we did not consider FABP4 as a strong marker of lipodystrophy. However, in HIV-infected ARV-treated patients, FABP4 positively correlated with glucose, insulin, and TG concentration. 31 FABP4 has been reported to be a marker of metabolic syndrome in the general population. 14,31 Baseline serum FABP4 levels were considered to predict the risk for metabolic complications in HIV-infected patients. 13, 32 FABP4 also correlated with glucose, insulin, and TG concentrations in our study. The reported differences may be associated with the fact that, unlike in our study, the previous studies recruited patients with obesity and metabolic complications. 31 Of note, in our study, patients were treated only with modern PIs, and NRTIs strongly related to lipoatrophy development were excluded.
Based on our results, we may suggest that FABP4 could be used as a marker of metabolic disturbances in HIV-infected patients, but leptin may be a more useful marker of lipodystrophy.
In conclusion, persistent inflammation is observed in HIV-infected patients, which predisposes them to the development of metabolic disturbances. HIV affects lipid metabolism inducing lipotoxicity. Persistent inflammation and lipotoxicity can promote the development of insulin resistance. Metabolic complications and their intensity depend on therapy duration. The pathophysiological mechanisms of these complications have not been explored in the present study. Leptin seems to be the best marker of lipodystrophy when FABP4 correlates with the presence of metabolic disturbances. responsible for the FFA/TG clearance on the basis of the above data, it can be concluded that this capacity of adipocytes is impaired by ARV therapy. 20 The fasting insulin level in HIV-infected, ARV-treated patients was elevated; however, glucose concentrations were comparable between the study groups. Insulin resistance showed a tendency to be higher in ARV-treated patients compared with the control group and HIV-infected, ARV-naive patients, indicating that the development of insulin resistance may be affected by ARV therapy. It is in contrast to a number of other investigators who reported a significant increase in the incidence of insulin resistance and diabetes in ARV-treated patients. 21 It can be partially explained by the fact that those abnormalities are more common in ethnic minorities than in Caucasians. 17 We observed a correlation between the duration of ARV therapy and the risk of metabolic disturbances. Patients who received the therapy for more than 2 years had a significant decrease of RMR. The available data on the effect of the HAART on RMR are conflicting. 22, 23 Increased RMR is positively correlated with the TNF-α concentration; therefore, a continuous decrease of the serum TNF-α level observed in the present study with therapy duration can partially explain the reported changes of RMR.
23 Also, mitochondrial dysfunction is a likely cause of an increase in RMR. 22 In another study, we reported that ARV therapy ameliorated mitochondrial dysfunction. 5 Not all metabolic disturbances can be linked directly to ARV therapy. We observed a significantly higher FFA concentration in ARV-naive patients compared with healthy individuals. This observation indicates that the replicating HIV affects lipid metabolism (activates lipolysis of the tissue or prevents FFA deposition in the adipose tissue). 24 An increased serum FFA concentration is related to the degree of insulin resistance, as FFAs have been proposed to induce skeletal muscle insulin resistance. 17, 25 Our results confirm the observation that HIV itself induces lipid metabolic changes, which makes patients more vulnerable to the side effects of ARV.
Inflammation promotes insulin resistance.
26-28
We demonstrated that HIV infection itself induces inflammation, which is associated with higher TNF-α and IL-6 levels, although we did not observe any correlation between those cytokines and HIV variables, which is in line with previous observations. 6,21 IL-6 was also higher in HIV(+)ARV(+) patients compared with controls, which indicates persistent induction of inflammation despite effective ARV therapy. Any significant differences in adiponectin and FABP4 concentrations were observed in the study group, when the leptin level was significantly lower in both HIV(+) (treated and nontreated) patients. In the HIV(+)ARV(+) group, leptin correlated positively with the insulin level and HOMA-IR as well IL-6 and FABP4. The leptin concentration was significantly lower
